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Abstract 
The distributions of heavy metals were measured in the bed sediments of the Lower Litani River Basin 
(LLRB). The main objectives of this study were to identify possible sources of metals (i.e. geological 
and/or anthropogenic) and then to investigate the effect of the seasonal variations in content of metals in 
the bed sediments. The heavy metal concentrations in the river sediments were remarkably high according 
to the permissible limits. The metal contents in bed sediment were highest during dry seasons. This was 
accomplished by applying the correlation coefficient analysis applied to total heavy metal contents as a 
tool for studying metal pollution in the LLRB and their origins. It was useful to distinguish between 
anthropogenic and natural sources. 
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1. Introduction: 
Heavy metals are among the most common environmental pollutants, and their occurrence in water and 
sediments indicates the presence of natural or anthropogenic sources. The main natural sources of metals in 
waters are chemical weathering of minerals in rocks and soil leaching. The anthropogenic sources are 
© 2014 Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
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associated mainly with industrial and domestic effluents, urbanism, water runoff, landfills sources and 
inputs rural areas [1] ,[2] ,[3]. 
The Litani River Basin (LRB) is the largest in Lebanon, of the country summing up to 2088 km2; hence 
20% of the total area of the Lebanese territory with a river system serving for irrigating some 77,000ha of 
current, ongoing and proposed schemes, as well as for tourism and domestic water. The basin 
encompasses a variety of climates ranging from costal subtropical to dry continental. 
Studies have shown no evidence of possible climatic evolution related climate change so far. From the 
environmental dimension, the LRB ecosystem suffers actually from severe stress both on its surface and 
underground water. Studies concur to conclude that quality of the Litani water system is on the borderline 
of being unusable and there is still room to reverse the pollution effects [4]. 
The LLRB extends from Qelia village, after the Qaraoun Lake, down to the Qasmieh outlet at the 
Mediterranean Sea north to Tyre. It encompasses eight district or administrative caza (Bekaa West, 
Marjeyoun, Nabatiyyeh, Saida, sour, Jezzine, Hasbaya, Bent Jbail; Figure 1) hosting a population of 
132924 capita living in 104 communities [5] 
 
 
Figure 1: The study area, and the selected sites, of the Lower Litani River Basin (LLRB).
 
The aim of the current study is to investigate the variations in heavy metal concentrations including, Iron 
(Fe), Cadmium (Cd), zinc (Zn), Plomb (Pb), Nickel (Ni) and Chrome (Cr), in surface water and bed 
sediments in LLRB in Lebanon. Furthermore, the role of pollution sources in the LLRBL on the bed 
sediment and the relationship with the season. 
 
2. Materials and methods 
 
2.1. The study area
 
For bed sediments sampling, six sampling sites were selected along the LLRB, as shown in Table 1, 
which describe the major activities. This was done during the rainy and dry seasons.These sites were 
selected because they receive considerable amounts of waste water from the surrounding industrial areas, 
as well as from intensively cultivated agricultural areas and domestic wastes from the surrounding towns 
and villages. 
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Table1. Location and description of the selected sites in LLRB
 
 
 
 
 
 
 
 
 
 
2.2. Bed sediment sampling, chemical and statistical analysis 
 
   Six water and bed sediment samples were collected once over three times before, during rainy, and 
dry seasons. For the water, six water samples were collected in a 1-l polyethylene bottles soaked 
overnight and 10% (v/v) nitric acid was used for water sampling collection. The samples were filtered by 
filtration system through membrane filter of pore size 0.45 ȝm before analyses using Standard Methods 
[6]. The method of sampling and collection are in accordance with Standard Methods APHA, AWWA, 
WPCF (1992).  
The Bed sediment samples were digested using microwave digestion techniques as reported by (Littlejohn 
et al., 99) in which 0.25 gm of each sample was placed in Teflon vessel with 5ml HNO365%), 2ml HF 
(40%) and 2ml H2O2  (30%) by using Microwave digestion system (model: milestone mls- 200 mega).  
(An aliquot of the filtration of the samples was taken, about 100 mL). Digestion solutions were measured for 
total heavy metals using ICP-OES [7]. The concentrations of (Fe, Cd,, Zn, Pb , Ni,  and Cr) were measured 
using the Atomic Absorption Spectrophotometric method, (Spectrophotometer (RAYLEICH –MFX-210), 
with an air/acetylene flame and background correction and a deuterium lamp to remove solid impurities 
before testing (AOAC 974.27). Correlation coefficients were calculated between all pairs of the measured 
element concentrations. The results performed to reflect the degree of dispersion distribution of different 
metals Pearson’s correlation analysis were carried out by using SPSS16 2007, SPAD. 
 
3. Results and Discussionn 
3.1. Metals in bed sediment 
The analysis of heavy metals concentrations in sediment samples helps in the interpretation of water 
quality [8]. Resulted data from sediments can provide information on the impact of distant human activity 
on the wider ecosystem. 
The concentrations of the heavy metals in sediments in rainy and dry season were higher than the values 
recommended in ISQGs: Interim freshwater sediments quality guidelines as shown in Table 2. 
Variations in the contents of studied elements in the river bed sediment were observed to be as following, 
Fe -980 -30954 mg kg–1, Cd: 2-36 mg, ,Zn :2-224 mg kg–1, pb:0-136 mg kg–1, Ni: 4–24 mg kg–1, Cr: 2–
60. mg kg–1, respectively, in each time period (Table 2).  
The concentrations of Fe, Cd, Ni and Cr were higher in the dry season (Figure 2) than in the wet season 
probably due to the dilution by rainwater, which influences concentration and heavy metal mobility, 
Further more the mobility of heavy metals depends not only on the total concentrations in the soil and 
sediments, but also on the soil or sediment properties themselves, metal properties and environmental 
factors. 
Sampling site and symbols Major activities 
Qelia  (S1) Quarry site and Touristic zones pumping stations. 
Khardal i   (S2) Agriculture and touristic zone. 
Kaekaeyat eljisr      (S3) Touristic and agriculture zone small village 
Tair flsaiy   (S4) Touristic zone. 
Abou abdellah   (S5) Vegetated sites with citrus tree 
Qasmieh(S6) Road with high traffic density, irrigation canal and 
agricultural zone with banana. 
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Table 2: The element contents in bed sediment samples along LLRB (mg.kg–1, dry weight).: ISQGs: Interim 
freshwater sediment quality guidelines, No guideline available: *):  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
RS: Rainy season, DS: dry season 
 
Table 3. shows that there are many heavy metals which are positively correlated together and this 
explained by their higher concentration in the sediment. Positive correlation coefficients are observed 
among the metals Fe, Cd, Cr,Ni and other elements, such as pb which have very low correlation.  
 
Table 3: Correlation coefficients for elements in the bed sediment during rainy and dry seasons
Elements Fe Cd Zn Pb Ni Cr 
Fe 1.00 
Cd 0.91 1.00 
Zn -0.55 -0.45 1.00 
Pb 0.16 0.15 0.41 1.00 
Ni 0.67 0.61 -0.13 0.43 1.00 
Cr 0.60 0.56 -0.25 0.62 0.81 1.00 
 
High positive correlation coefficient between Cd and Fe (r = 0.91); Cd and Ni (r = 0.67); Cr and Ni (r = 
0.81); Ni and Fe (r = 0.61) and this suggests that the cycling of these 4 metals is to extend linked and 
related to the adsorption of the heavy metals by iron oxides and hydroxides. Oxides can play a role in the 
retention of heavy metals and this explained by their origin from the same source (i.e. industry, urban 
origin and transport). The major source of Cd is the coal combustion, metal industry and waste 
incineration. 
The given elements, such as Cr, Cd and Ni have interacted with organic matter in the aqueous phase and 
settled resulting in a high concentration of these elements in the sediment [10], [11] . 
Negative correlation for Zn with Fe (r=-0.55), Cd (r=-0.45) suggests the metals do not have common 
sources, and this might be due to the variation in the sources these metals are bound weakly to the 
hydrous clay minerals on the sediment. 
Heavy 
metal Period S1 S2 S3            S4 S5 S6 
ISQG
mg.Kg-1
Fe RS 980 1636 1200 7000 12000 4800  
 
DS 980 15118 22398 10920 20040 30954 
20000 
Cd 
 
RS 2 10 10 10 10 10 
 
 
DS 2 14 32 22 34 36 
0.6 
Zn  
 
RS 80 224 200 60 60 40 
 
 
 
DS 80 54 2 26 12 68 
123 
Pb 
 
RS 14 88 100 20 100 100 
 
 
DR 14 0 22 0 40 136 
35 
Ni   
 
RS 4 4 4 4 4 4 
 
 
DR 4 4 4 10 6 24 
23 
Cr   
 
RS 2 10 10 10 20 40 
 
 
DR 2 10 10 28 20 60 
37.3 
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Figure 2a Comparison of the variation for Fe during rainy and dry seasons. 
 
 
Figure 2b Comparison of the variation for Cd during rainy and dry seasons. 
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Figure 2c Comparison of the variation for Zn during rainy and dry seasons. 
Figure 2d Comparison of the variation for Pb during rainy and dry seasons. 
462   Nada Nehme et al. /  Physics Procedia  55 ( 2014 )  456 – 463 
Figure 2e Comparison of the variation for Ni during rainy and dry seasons. 
Figure 2f Comparison of the variation for Cr during rainy and dry seasons. 
4. Conclusion: 
 
The heavy metal concentrations in the river sediments of LLRB were remarkably high, but varied among 
sampling points. The results suggest that a special attention must be given to the issue of re-mobilization, 
because a large portion of elements in sediments are likely to release back to the water column. However, 
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significant sediments pollution problems were found (in S6), which are the end point of the river all the 
pollutant are deposit in this site and we remarks a high degree of pollution during dry season..  
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